To evaluate the safety and efficacy of once-weekly dulaglutide 1.5 mg, a long-acting glucagon-like peptide-1 receptor agonist, compared with placebo in patients with type 2 diabetes (T2D) on glimepiride monotherapy.
Introduction
Type 2 diabetes (T2D) is characterized by a gradual loss of -cell function that necessitates continued advancement of therapy to maintain glycaemic control [1] . Along with lifestyle modifications, at diagnosis, patients with T2D are often initiated on metformin therapy as per current treatment guidelines [2] ; however, many patients experience significant gastrointestinal adverse events (AEs) with metformin, and up to 10% of patients are ultimately unable to tolerate it [3] . Relative contraindications to metformin therapy, such as chronic kidney disease, symptomatic heart failure or liver disease, are very common in ambulatory patients [4] [5] [6] [7] . For these patients, treatment with a sulphonylurea (SU) may be considered first-line therapy. If the glycated haemoglobin (HbA1c) target is not achieved with an SU, recent treatment guidelines suggest adding a thiazolidinedione, a dipeptidyl peptidase-4 (DPP-4) inhibitor, a sodium glucose cotransporter-2 inhibitor, a glucagon-like peptide 1 (GLP-1) receptor agonist or basal insulin, as a patient-centred approach, individualized to concurrent medical history and patient preference [3] . In general, combination therapy with drugs that use complementary mechanisms of action provide additive benefit, but occasionally they may unveil compensatory mechanisms that limit the effects of each individual drug [8] . With increasing options for therapy, it is important to evaluate individual drug combinations in order to appropriately target therapies to individuals.
Dulaglutide, a once-weekly GLP-1 receptor agonist approved for the treatment of T2D, is a fusion protein that combines two identical human GLP-1 receptor analogues, modified to resist DPP-4 inactivation, with soluble human IgG4 Fc [9] . The larger size of the molecule slows injection site absorption and minimizes renal clearance [9] . Dulaglutide has a half-life of ∼5 days and therefore is suitable for once-weekly injection [10] .
The Assessment of Weekly Administration of LY2189265 (Dulaglutide) in Diabetes-8 (AWARD-8) study was conducted to understand the safety and efficacy profile of dulaglutide in combination with an SU.
Materials and Methods

Study Participants
The present study included adult men and women [age ≥18 years, body mass index (BMI) ≤45 kg/m 2 ] with T2D not optimally controlled [HbA1c ≥7.5 and ≤9.5% (≥58 and ≤80 mmol/mol)] with diet and exercise on a stable dose of SU that was at least 50% of the maximum dose per country-specific label for at least 3 months before screening. Patients treated with any other antihyperglycaemic medication (including insulin) <3 months before screening were excluded from the study, as were patients with a history of pancreatitis, signs or symptoms of liver disease, impaired renal function (estimated glomerular filtration rate <30 ml/min/1.73 m 2 ), elevated serum calcitonin concentration (20 ng/L), or recent history of severe hypoglycaemia. The study protocol was approved by local ethical review boards and patients provided written informed consent prior to any study procedures. The trial was conducted in compliance with the Declaration of Helsinki and the International Conference on Harmonisation guideline on good clinical practice [11] .
Study Design
This 24-week, phase IIIb, multicentre, randomized, parallel-arm, double-blind, superiority trial compared dulaglutide 1.5 mg (initiated at the full 1.5 mg dose), administered once weekly as a subcutaneous injection, versus placebo in patients with T2D who had inadequate glycaemic control with SU monotherapy. Participants were randomized in a 4 : 1 ratio to dulaglutide or matching placebo stratified by country and baseline HbA1c. During the lead-in period, eligible participants either continued their prestudy dose of glimepiride or replaced their previous SU with an approximately equivalent dose of glimepiride. The lead-in period was 2 weeks for all participants regardless of prestudy SU. Participants maintained their lead-in glimepiride dose throughout the study, but the dose could be reduced, followed by discontinuation, in the case of hypoglycaemia or for an AE. All participants were taught injection techniques and glucose monitoring before randomization. Patients with severe, persistent hyperglycaemia based on mean fasting self-monitored plasma glucose (SMPG) measurements and prespecified criteria (Table S1 , Supporting Information) could either increase the glimepiride dose or initiate additional glycaemic rescue therapy.
Efficacy Measurements
The primary objective of the present study was to show that dulaglutide was superior to placebo, as measured by HbA1c change from baseline at 24 weeks. To control for type I error, a sequential gatekeeping strategy [12] was used to compare treatments regarding selected secondary objectives at 24 weeks once the primary objective was achieved, in the following order: (i) the percentage of patients achieving an HbA1c <7.0% (<53 mmol/mol); (ii) change from baseline in fasting serum glucose (FSG; central laboratory measurement); and (iii) change from baseline in body weight. In addition, the percentage of patients achieving HbA1c ≤6.5% (48 mmol/mol), and seven-point SMPG profiles were evaluated for efficacy. All HbA1c measurements were determined by a central laboratory.
Safety Measurements
Safety assessments included AE and serious AEs (SAEs). Hypoglycaemia was defined as plasma glucose ≤3.9 mmol/l (≤70 mg/dl) and/or signs and/or symptoms associated with hypoglycaemia [13] . Hypoglycaemia was also analysed at the <3.0 mmol/l (<54 mg/dl) threshold. Severe hypoglycaemia was defined as an episode requiring the assistance of another person to actively administer carbohydrate, glucagon or other resuscitative actions [13] . The rate and incidence of hypoglycaemia and severe hypoglycaemia were evaluated, as were vital signs (seated heart rate and blood pressure), ECGs, dulaglutide antidrug antibodies (measured by immunoassay), and the occurrence of severe, persistent hyperglycaemia requiring rescue therapy. Suspected cardiovascular events and pancreatic events were adjudicated; C-cell hyperplasia, C-cell neoplasms, serum calcitonin, development of antidrug antibodies and allergic/hypersensitivity reactions were monitored as AEs of special interest.
Statistical Analysis
It was estimated that 285 randomized (4 : 1; dulaglutide:placebo) patients (228 completers) would provide 90% power to show superiority of dulaglutide 1.5 mg versus placebo for change in HbA1c from baseline to 24 weeks at the two-sided significance level of 0.05, assuming that dulaglutide reduced HbA1c by 0.7% (8 mmol/mol) more than placebo, with a standard deviation (s.d.) of 1.3% (14 mmol/mol). Efficacy and safety analyses were performed using the intention-to-treat population, defined as all randomized patients who took ≥1 dose of study medication. Efficacy (e.g. HbA1c, FSG, weight) and hypoglycaemia measurements were censored after therapeutic intervention for persistent hyperglycaemia (post-rescue). A mixed-model for repeated measures (MMRM) was used as the primary analysis model, with treatment, country, visit and treatment-by-visit as fixed effects, baseline as a covariate, and patient as a random effect. The secondary analysis for the primary endpoint was analysis of covariance (ancova) for change in HbA1c from baseline to endpoint, with country and treatment as fixed effects and baseline as a covariate. Body weight was analysed using MMRM and ancova and adjusted for baseline values. MMRM was used for analyses of other continuous measures (vital signs, seven-point SMPG, etc.). The chi-squared test was used for categorical measures. The percentages of patients achieving HbA1c targets [last observed carried forward (LOCF)] were analysed using a logistic regression model for repeated measures with factors of treatment, country, baseline HbA1c, visit and visit-by-treatment interaction. Hypoglycaemia rate was analysed using a generalized linear model with negative binomial distribution. The study was registered with ClinicalTrials.gov with the number: NCT01769378.
Results
Participant Baseline Demographics and Disposition
A total of 549 participants were screened and 300 were randomized to treatment with once-weekly dulaglutide (N = 240) or placebo (N = 60). Overall, 29 participants [dulaglutide, n = 25 (10.4%); placebo, n = 4 (6.7%)] discontinued treatment (study and/or study drug) before week 24, with 215 participants (89.6%) in the dulaglutide group and 56 participants (93.3%) in the placebo group completing treatment ( Figure 1 ). Twelve participants [dulaglutide, n = 5 (2.1%); placebo, n = 7 (11.7%)] received rescue therapy for severe, persistent hyperglycaemia.
Baseline characteristics were generally similar between the groups (Table 1 ). The overall mean (s.d.) participant age was 58 (9.7) years, 56% were women and 83% were white or −14 mmol/mol (95% CI: −17, −11); p < 0.001]. This significant difference met the primary endpoint of superiority versus placebo for this study (Figure 2A ). Dulaglutide significantly improved HbA1c versus placebo at all post-baseline time points, beginning at 4 weeks ( Figure 2B ). At 24 weeks, 55.3% (dulaglutide) and 18.9% (placebo) of participants achieved an HbA1c target of <7.0% (<53 mmol/mol; p < 0.001 dulaglutide vs placebo), while 40% (dulaglutide) and 9.4% (placebo) of participants achieved an HbA1c target of ≤6.5% (≤48 mmol/mol; p < 0.001 dulaglutide vs placebo; Figure 2C ). Figure 2D ]. At all time points, the LS mean values for seven-point SMPG were significantly reduced in the dulaglutide-treated group (all p < 0.001; Figure 2E ). Postprandial (after breakfast, lunch and dinner) and bedtime (03:00 h) SMPG values in the placebo group were significantly reduced compared with baseline at 24 weeks (all p < 0.050). Additionally, at 24 weeks, for each of the seven SMPG measurements, mean values in the dulaglutide group were significantly decreased compared with placebo (all p < 0.001). 
Safety
Overall, nine participants (3.8%) in the dulaglutide group and no participant in the placebo group experienced an SAE (Table  S2 , Supporting Information). One death was reported in a participant randomized to the dulaglutide treatment group who discontinued the study as a result of enterocolitis (5 weeks after randomization). The participant was subsequently hospitalized 7 weeks after discontinuing the study for community-acquired pneumonia and died 2 days later (adjudicated as an infectious disease death; sepsis). One participant was admitted to the hospital with an episode of hypoglycaemia [blood glucose 62 mg/dl (3.4 mmol/l)]; the participant was discharged and considered recovered by the investigator. The investigator judged the hypoglycaemic event to be mild, not severe. As a result of the hospitalization, however, the event was reported, as per protocol, as an SAE.
A similar proportion of participants experienced treatmentemergent AEs (TEAEs) in the dulaglutide group (n = 111, 46.4%) compared with the placebo group (n = 23, 38.3%; p = 0.259). The most frequent TEAEs in the dulaglutide group were gastrointestinal: nausea (n = 25, 10.5%), diarrhoea (n = 20, 8.4%), eructation (n = 14, 5.9%) and vomiting (n = 10, 4.2%; Table 2 ). The majority of reported events were mild to moderate in severity and were transient. The incidence of gastrointestinal AEs peaked by 2 weeks and then declined to an incidence similar to that in the placebo group by 6 weeks (data not shown).
Total hypoglycaemia (plasma glucose ≤3.9 mmol/l) occurred in 50 participants (20.9%) in the dulaglutide and in two participants (3.3%) in the placebo group (p = 0.001), with a mean (sd) rate of 2.37 (7.22) events/participant/year for dulaglutide compared with 0.07 (0.39) for placebo (p = 0.001). A greater proportion of participants reported an episode of documented symptomatic hypoglycaemia (p < 0.05) in the dulaglutide group compared with the placebo group (Table 3) . There were no cases of severe hypoglycaemia. No differences were observed when hypoglycaemia was evaluated at the <3.0 mmol/l threshold (Table S3 , Supporting Information).
Mean serum calcitonin levels were unchanged during the study, and there were no reports of C-cell hyperplasia or Intention-to-treat population. s.d., standard deviation. *p < 0.05 versus placebo. †Plasma glucose ≤3.9 mmol/l (70 mg/dl) ± symptoms. ‡Plasma glucose ≤3.9 mmol/l (70 mg/dl).
medullary thyroid carcinoma. Small median increases in serum lipase and total amylase that remained within normal range were observed for dulaglutide compared with placebo (p < 0.05 both). The percentage of participants with treatment-emergent lipase or amylase levels above the upper limit of normal (ULN) or ≥3 × ULN was similar between groups, although a numerically greater proportion of participants on dulaglutide (3.0%) had elevations ≥3 × ULN in lipase compared with placebo (0%; p = 0.351; Table 2 ). There were no cases of adjudicated acute or chronic pancreatitis. Dulaglutide significantly increased heart rate from baseline compared with placebo (p = 0.024; 2.92 vs 0.30 beats/min). There were no significant changes in LS mean systolic or diastolic blood pressure in either treatment group at 24 weeks (Table  2) . Statistically significant increases in PR interval were also observed for dulaglutide. Two participants in the dulaglutide group had adjudicated (confirmed) cardiovascular events: one experienced a cerebrovascular accident during treatment and another was hospitalized with cardiac failure during the safety follow-up period.
One participant reported a mild systemic hypersensitivity reaction of urticaria, but did not develop dulaglutide antidrug antibodies. Two participants (0.8%) randomized to dulaglutide developed treatment-emergent dulaglutide antidrug antibodies. One participant developed antidrug antibodies that were both dulaglutide-neutralizing and cross-reactive with native-sequence GLP-1. Neither participant reported a systemic hypersensitivity reaction and both experienced significant reductions in HbA1c from baseline [−1.1% (−12 mmol/mol) and −1.4% (−15 mmol/mol)] that were sustained up to 24 weeks. No injection site reactions were reported.
Discussion
Once-weekly dulaglutide was well tolerated and effective when used in combination with SU therapy. Dulaglutide 1.5 mg treatment resulted in greater HbA1c reductions, more participants reaching HbA1c targets, and greater fasting glucose reductions compared with placebo. No between-group differences in weight were observed. These results suggest that when patients are no longer achieving glycaemic control with an SU, dulaglutide could be an effective treatment to consider. When advancing therapy for patients with T2D, choices should be individualized and include considerations of cost, risk of hypoglycaemia, weight, side effects and quality of life [2] .
The efficacy profile observed with dulaglutide 1.5 mg in AWARD-8 is consistent with previous studies. Specifically, the observed HbA1c reduction of −1.4% (−15 mmol/mol) was similar to reductions reported for the dulaglutide 1.5 mg dose at 26 weeks in the six completed phase III studies [ranging from −0.8 to −1.6% (−9 to −17 mmol/mol)], as was the percentage of participants achieving the HbA1c target of <7.0% (<53 mmol/mol ) with 55% of participants achieving this target in the present study compared with 58-78% in previous studies [14] [15] [16] [17] [18] [19] [20] . Previous studies of dulaglutide 1.5 mg have shown weight reductions of −0.9 to −3.2 kg at 26 weeks with an attenuation of weight loss when used in combination with therapies typically associated with weight gain. In AWARD-8, the concomitant SU probably offset further weight reduction with dulaglutide 1.5 mg. One other study, AWARD-2, has been completed where dulaglutide was used in combination with maximally tolerated doses of both an SU (glimepiride mean dose 6.3 mg) and metformin. In AWARD-2, participants treated with dulaglutide 1.5 mg had a mean weight reduction of −1.82 kg at 26 weeks. This finding is somewhat different from the present study and could be related to the concomitant metformin used in the AWARD-2 study which may have partially mitigated the SU effect on weight. In looking at hypoglyceamia risk between these two studies of dulaglutide in combination with SU, in AWARD-2, 55% of participants experienced hypoglycaemia over 52 weeks which is higher than the rate observed in the present study (21% over 24 weeks); differences in hypoglycaemia may be related to higher glimepiride dosing in AWARD-2 (6.3 vs 4.8 mg in AWARD-8), differing time points for reporting, and differing patient populations with respect to baseline HbA1c and duration of diabetes.
Within the GLP-1 receptor agonist class, two other agents have specifically evaluated add-on to SU monotherapy: liraglutide and exenatide twice daily. With respect to the HbA1c reduction, in AWARD-8, from a baseline HbA1c of 8.4% (68 mmol/mol) dulaglutide 1.5 mg resulted in a HbA1c reduction of −1.4% (−15 mmol/mol). In the Liraglutide Effect and Action in Diabetes (LEAD-1) study, from a baseline HbA1c of 8.5% (69 mmol/mol), liraglutide 1.8 mg demonstrated an HbA1c reduction of −1.1% (−12 mmol/mol), while in the AMIGO-2 study (AC2993: Diabetes Management for Improving Glucose Outcomes), exenatide 10 μg twice daily resulted in a HbA1c reduction of −0.86% (−9 mmol/mol), from a baseline of 8.6% (70 mmol/mol) [21] [22] [23] . For weight changes, similarly to the present study, liraglutide 1.8 mg did not result in significant reductions in weight compared with placebo [21] . In contrast, patients on exenatide twice daily in combination with SU had a small but statistically significant placebo-adjusted weight change of −0.9 kg (95% CI −1.7, −0.0) [22, 23] . Direct comparison of hypoglycaemia across these studies is confounded by the different definitions of hypoglycaemia and differences in the respective SU dosages at baseline and subsequent allowable adjustments for hypoglycaemia in each study protocol. The initial dose of glimepiride in this study was determined based on the prestudy (at least half-maximum) dose in this study, while 2-4 mg glimepiride was used in LEAD-1 and half-maximum dosing of SU was used in AMIGO-2 [23, 24] .
The AEs reported with dulaglutide in the present trial are consistent with the known effects of the GLP-1 receptor agonist class. Dulaglutide was associated with a higher incidence of gastrointestinal AEs, most commonly nausea, diarrhoea and eructation, consistent with prior dulaglutide studies and the GLP-1 receptor agonist class [17, 18, 25] . The events were mostly mild to moderate, occurred early and were transient in nature. Consistent with the GLP-1 receptor agonist class and previous dulaglutide reports, small increases in heart rate and PR interval were observed [18, [26] [27] [28] . While higher than placebo, the incidence of hypoglycaemic events was relatively low (21%), despite a robust effect on glycaemic control with concomitant SU therapy; no severe events were reported. The incidence of dulaglutide antidrug antibodies was very low (0.8%) and there were no associated systemic or injection site hypersensitivity reactions. Consistent with the class, measurable increases in pancreatic enzymes were observed, but there were no adjudicated cases of pancreatitis and no cases of pancreatic carcinoma [18, 27, 29, 30] . In addition, there were no reports of medullary thyroid carcinoma.
Limitations of the present study include the relatively short duration of the trial, the use of non-uniform doses of glimepiride and the lack of an HbA1c stabilization period for patients switching from an approximately equivalent dose of another SU to glimepiride during the lead-in period. In addition, while the 4 : 1 treatment allocation limited placebo exposure and still allowed assessment of dulaglutide in combination with SU, it may have limited our ability to identify uncommon AEs in the placebo group. While the tolerability of dulaglutide in combination with glimepiride was acceptable in this study, further investigation of the utility of GLP-1 receptor agonists in broader populations or using alternative approaches are worthwhile, including the combination with other SUs and other emerging glucose-lowering agents.
Overall, the AWARD-8 study results suggest a favourable benefit/risk profile, including a clinically significant reduction in HbA1c without weight gain or severe hypoglycaemia, for once-weekly dulaglutide 1.5 mg as an add-on intervention in patients with T2D treated with glimepiride monotherapy.
Supporting Information
Additional Supporting Information may be found in the online version of this article: Table S1 . Fasting plasma glucose threshold values for patients with severe, persistent hyperglycaemia. Table S2 . Serious adverse events. Table S3 . Hypoglycaemia up to 24 weeks [plasma glucose <3.0 mmol/l (54 mg/dl)].
